Objective-To obtain angiographic views in tetralogy of Fallot that can show whether or not an anomalous coronary artery passes anterior to the right ventricular outflow tract. Design-(a) A 10 year retrospective review of all patients who underwent repair of tetralogy of Fallot up to December 1990; (b) a prospective study of 30 children undergoing routine cardiac catheterisation. Patients and methods-295 cases in whom standard angiographic views had been used were reviewed retrospectively.
Thirty non-consecutive children with tetralogy of Fallot were studied prospectively, including one child previously studied in whom diagnosis of an unsuspected anomalous coronary artery was made only at operation. To obtain prospective data we studied 30
non-consecutive patients with tetralogy of Fallot undergoing routine cardiac catheterisation. This included one child with an anomalous left anterior descending coronary artery missed at previous cardiac catheterisation but identified at surgery. Twenty had a left and 10 a right sided aortic arch. Age varied from one month to 11 8 years (median 17 months). Either a retrograde (n = 25) or anterograde approach (n = 5) was used for the biplane aortogram, which was performed with a minimal 450 caudocranial and 20°-30°left anterior oblique angulation as well as a straight lateral projection. In four of the cases studied by a retrograde approach aortography was performed with a pigtail catheter but in general a standard National Institute of Health catheter gave better opacification of the coronary arteries. When possible, however, an anterograde approach with a balloon tipped catheter with the balloon inflated in the ascending aorta, was preferable.
Results

RETROSPECTIVE STUDY
Records for 295 patients were reviewed. Ten (five males and five females) had an associated anomalous coronary artery. Age at time of repair ranged from 10 of the right ventricular outflow tract. In three cases the conus branch, arising from the right coronary artery, was enlarged but did not run across the outflow tract area. In 21 cases the anatomy was known or was confirmed at time of surgery, including three of four with abnormality. In one, the vessel originating from the right coronary artery and supplying the left descending territory was considered smaller than the artery coming from the left coronary sinus. Relief of the right ventricular outflow tract obstruction was through the pulmonary artery and right atrium. Three patients have undergone palliative procedures, including one with abnormality. The rest await surgical treatment.
The lateral aortogram performed simultaneously was unhelpful in assessing the coronary artery anatomy with certainty but was used to show the presence or absence of an arterial duct.
Discussion
Successful display of coronary artery anatomy in tetralogy of Fallot, reported by means of a ventriculogram or flush aortogram9 10 or with selective coronary artery injections has been reported.'" This has not been our experience with aortography and we do not carry out selective coronary arteriography routinely. Cross sectional echocardiography may also be used.'2 13 Although it is possible to identify abnormal vessels across the right ventricular outflow tract, there may not be an adequate view of the coronary anatomy in a significant proportion of patients. Berry et al correctly and blindly distinguished normal and abnor- Figure 5 mal patterns in the coronary circulation of some patients with tetralogy of Fallot but it was not possible to see the coronary arteries well enough in over 20% of their patients. In only two cases was this due to large patient size. '2 To show a branch of a major coronary artery passing anterior to the right ventricular outflow tract in tetralogy of Fallot it is necessary to show the coronary arteries clearly and also to know where the right ventricular outflow tract lies in the projection chosen for the aortogram. Overlapping of the coronary branches is the rule with most standard views. This leads to confusion and failure to recognise abnormal patterns when interpreting the angiograms. In our retrospective series the prevalence of surgically important anomalies of the coronary artery was 3-4% but the diagnosis was not made with certainty in any of the cases although suspected in one. Conversely, in our prospective series of patients in whom a caudocranial aortogram was performed, the diagnosis was made with certainty in four cases and, equally important, we could be certain that no major coronary artery passed anterior to the right ventricular outflow tract in the rest.
With the use of a caudocranial angle for the aortogram the aortic valve is seen face on. Its three cusps are clearly seen and the origin and course of the coronary arteries are easily followed by the absence of overlapping as pointed out by Mandel et al. 7 Furthermore, and of crucial importance in patients with this condition, knowing that the position of the right ventricular outflow tract is to the left and slightly anterior to the aortic valve allows identification of any abnormal branch crossing the area. To be certain, however, a correct projection of the base of the heart is required (as if the observer were looking at the heart from below and slightly from the left). The aortic arch itself is foreshortened and therefore the aortic valve must be seen face on or nearly so. This view is thus analagous to the echocardiographic parasternal short axis section at the level of the aortic valve. In both, the normal left mainstem can be seen passing behind (beneath) the right ventricular outflow tract and dividing into left anterior descending and circumflex arteries, but we have already emphasised the potential deficiency of echocardiography in the individual patient.
The caudocranial aortogram, when performed correctly, allows distinction between right and left, posterior and anterior (but not inferior and superior) relations (fig 3) . Thus it should be possible to detect an abnormal origin or course of a coronary artery and to'see its anterior or posterior relation to the pulmonary outflow tract. Any major coronary branch passing anterior to the right ventricular outflow tract is likely to be of importance to the surgeon, and management can then be directed accordingly. It is also important to see both coronary arteries as identification of one normal left anterior descending artery does not exclude a paired artery originating from the right coronary artery and crossing the pulmonary outflow tract. Our current practice is to use 450 caudocranial and 300 left anterior angulation in all patients. We have shown that by using this angiographic projection it is possible to detect these abnormalities before operation.
